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Unsv K. 1 . Uluui ii , J R . VVil I I iVK. VI. & ISiti.AVh. J (41)0^) Tiik'i; moiiils associulcd with -.c.-itoii ti'lkx'tod 
t'nim S|ii;iH:tr l inll. Soiilli AiiMraliit. ncai a IsiKl swcUcr ^palml lomiiiii'al vji'iabilily and iiptiilu; hy 

hniilvi;s. rniiis. A' Sur. S. hi.sL 1271 U. V,-45. 51 May. 

Mclal ini'tii I'rnm |wiiii-siiiirLv discharLioa ccstilu In conci-'niniiinns in Ihu I'cuciviiiL' arcii> llial uiry in hnili 
apace ami lime. In nrcici tfi .tshcsi. iIic apaluil dj.slribiilinn and icnipurul vurialiilil.v of nu'lali in iIk- Upper Spencer 
(hill -, is a reSLill nT iiiclal input I'runi a lend smeller, seslon was collecled ovei si.\ sveel. periuds al ei|.4il lile.s 
aiviiiid the "tiir A liilal nl 2} enlleetimis IVuiii the eiulil se-sioii .s.impliiig silof' \Va;i made. Levels id itielals in ihe 
sesinn were dcvaled al Ihe ((hii sites clnse.sl In h'lrsl Creek (ihe .smeller eliluenl diseliari'e creek) Seskni 
I'lilleeled rimii .she Wi'i (Ihe site eloscsl (e the .smelUT) eonUiiied lhe hiiehesl levels ll^ ■all measured melalv 
1 evcis (d' I'h in \V(> sesltin ranged Irniii '17.5 (iiita in 'UW) iig'‘i’. while levels nl /ii. t d. C ii and Mn al (his she 
r.mgul I'nnn 2t>.1(i n55() 41 ,2 .55li lijC' J!. 1(S. I 211 piiltl and 241 *121 pg g, re.speelivcly. .A slii.iiii> 

seasmial inlliieiiee in sesion moial levels wiis toiiiul al all sues except \Vb. The exlein of ihis seasonal intlnence 
was evallialed using Mine senes analvses and lhe inlliienee ineinpoinled In de.le.rniifie nvemll Ireiids. Seiisonal 
variiiiion aeeoiinis for one third lo hall' lhe varial on in dcposiiion inninillv. VIosi siios es.hibiieil higher ineial 
levels III winiei. eoriespoiidiiii! will) the dcereii.sed sesion deposilion in dial sea.son, and conversely, increased 
ineliil eonecniraiiiins In siiinmcr. correspond mg widi higher deposition rates, t'here was no siginrieani ehange 
over lime in deposilion rales al any of die sites exeepi \V6. Tor winch diere wxis a deerease in niuil deposition 
iivei die moniioring jseriotl. Most sites showed si'ilisiteally siginliCiiiil eliaiiges in .sesion metal levels over the 
three ve.irs ol the study. The site closes! |o the cinnent onHali (Wot was the- only sde dial showed a ^ignilliunl 
inerease in moial eoiieeniralions over die moiidoriiig period, Ill's study nidieiiles dial I'reiinenl. regidar 
moniioring of. sesion meUiK allows vai intiuii arising from .seasoniil dilVerenecw lo he taken into aeeotinl. allowing 
temporal changes lii lie elueklatal I'o evaluaie hioavailaliilay ol nieials •as.sucialed with sesion ni lhe Upper 
Spencer ( iijiritbv which there were large i|iianlilics ol nicinl duiar expcriinciiK were eondneicil using scallops 
il’i'ch'ii laic) (siininier) and scallops ami mussels i,Ur/<7»N Lnmaeiis) (11111110111 exposure). VUissels 

weie .ilso placed at Ihe .sesion sampling site- clo.scsl in the elfitieril otiirall and removed at iiUei-vals nvei llie six 
week sampling iimiiiil in aiiuunn lo delcrmine the rale oriiieliil uptake I issiie.s were analysed lin levels olTh. 
t d. I n. ?"n and Mn. and the levels al each she eompared with dial in Ihe sesluii \ slicing ix;liiiionship was fonml 
belween die levels ofl'h and 7.n in .sesion tind scaJlop Ph and /n uptake, whereas Cn and ( d levels in sesuni 
showed no letationslnp with those in scallop tissues I end and Zii in mussel tissue were relatCil 10 f*b and /n in 
.sesion. and ilienc were also weaker rclalloiisliips between the leveds oK 41 und ( n in tliv mu.ssel lis'-oe and sesion, 
although relaiionship.s with these metals wei^e not deteeted in Ihe seallop.s. The temporal .leeuimiliilion study 
indiealcd that niiissels were regnlalmg sonic nieials. wiili 7n and Mn levels inilially liicre.isinu llien levelling 
oil. U.ulmiuin levels were high in the scallops eolleeteci rrom Ihe relcreiu.v site, and showed no signilieaiil 
increase on retrieval aliei six 'weeks near llic .smelter. Cadmium in die mus.sels ineretlscd siginl'ieanlly over the 
.SIX week exposure period. L’opper levels were also high in Ihe seahoos lioin llai'dwieke Hay, anil deeieiised 
siyiiilicjiitly alter si.s weeks in summer. ( upper levels remi.iinctl static for bc'tli nuisscls and scallops in atilnmn. 
Keilher Cd oorCu showed a relulioiiship heiweor the levels in sesion and scalK'p.s in either exposure. 

Iiiiring lour scston colleelioils. the total organic earhoi) ( .’OC) eonielil and the piiriiele ,si/e distribulion ol 
sesion eollet led Irom each ol the sites was delemnneU. Siii't'nsingly no relationships were I'oimd beiween eilhei 
roc conleiit or p.artiele si/c of scston and nislal eoneeiitralioiis in the hivalscs, suggesting that the major 
mnuc.nce in Icssuc metal level i.s the total eoneenKilion olthe metals in the scston. ■I'hese resnhs are eiinrnmeil 
to.'o'iieukidy in ibc ease ol Ph and /n) by the I'el.jiioiiships between so.stoii metals and biv alve tissue levels. 

K.I vwoiins. trace mclals. scston. Spencer < loll seallop. mussel, Pc, u-n tilha. Xh-iilns 
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Introduclton 

l.iieali.'.ed liaee mclal pullulivni Irt'iii jilcliislnal nr 
municipal vvnsic.s has been iilenlilieil as one i>l the 
itKijitr issues racing Itie .\ii>liiilian marine 
enviiomnciil (Zaun Ik'd5). Since melal levels 
associaled with water, pariieiilale niiincr and 
sediment can vaiy ovei time, delenniiiing lhe cxleiil 
III (rtiec melal enrieliinenl ivt|iiire-s not only an 
iindcTstundiiig ulitie spatud extern of toninniiiulion. 
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but also of the degree of lemporal vaiiubilily 
associated with metal levels in ihe various phases. 
The aim of this sludy was to determine the spatial 
disiiihuliuii and temporal trends in sesion metal 
levels in the Spencer Gulf, an area that receives an 
effluent with elevated meial concentrations from one 
of Ihe world’s largest lead//inc smellers. Sesion for 
the purjMises of this study is defined as Ihe living or 
dead, inorganic and organic particulate matter 
temporally suspended in the water column (i.e.; that 
proportion that eveniiially settles into a collection 
tube). As an extension of the studies of se.slon metal 
levels. Uptake of metals by organism.s feeding on 
.sesion was assessed. Mollu.scs are commonly used 
hiomonilor.s (Rainbow iys)5), becau.se they arc filler 
feeders, tolerate a range of contaniinanis and are 
widely distributed (George I9H0; Morse cm/. 1993: 
Connel et uL 1999), fixperimenis were conducted 
using scallops ([’cewn aWa Tate) and mussels 
tMyliliis edifli.s Linnaeus) translocated from 
referenee sites and placed at the se.ston collection 





Fig. I The study area 
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MIL’S. I’t'i ii'ii tilhii are imJigciuui.s 10 ihe area where as 
M. t'lfiilis is ji eiisiiuipulitail species suihlble (iir 
drawing helweeii-sile eompurisuns (Rainhiwv ld9.S). 

Tin' .siiiih lin'd 

rile .smelter is leicmcil «l I’orl Pirie on the Speneei 
(iiiir of Suulh Australia (Hig. I) and has been in 
operation since Ihe |.S‘)()s. Processing mainly Pband 
/n. in addition lt> lesser quantities of other nieials 
and alloys, the faeilily has been a source of niclal 
input into the gulf for mure than one luindt'cd years. 
The extent and nnpael iif elevated nielal levels wu.- 
assessed through a series of studies conducted in the 
late 1970s and early I ^>K0s ( Ward (7 u/. 19S2; |9S4: 
Word <V; Voting P)S4; Waiil, t7 «/. I9.S4; Wind & 
llulehings I99(i), |n adililion lo some ol'lhe lilghesl 
ever reported levels of metals in sediments (.5000 
iig,'g Pb. K'.OOO ug/g /n and 200 pg.'g Oil), these 
studies also ilemim.straled that marine plants aiul 
animals (Ibi' e.xample. Toshlnnki niislrdlis. Phimi 
hiLdliir. I'i'iitii'in hiiisiilailm. I’oiiiimis /te/.tg/rw ) 
near the smeller had aeeuniulated metals m their 
I issues (Ward e/ iil I9K2). T'cologieal effeels 
included Ihe tibscnee of Some species front 
eommunilies in heavily conlaminaled sites and !hc 
preseuee of some species that appemed parlietilurly 
rcsisiaiu 10 high meial levels (Ward cl ul. 19S2). 

I listitrically, waste metals from the Poll Piric 
.smelter were derived Iruni stack emissions ami tlusl 
blown from the site, release of liquid ellluenl jiui 
loss of metal ores and coneeniraies during loading of 
ship> (Waal ci ill. I9H2). Most of these .sonrecs have 
been minimised 01 eliminated as facilities were 
upgraded and more rigorous environmcnlal policies 
adopted. Hoxvever. the wastewater efilueiti emitiniies 
10 be a sigitificanl .source oftrace metals, notably Pb. 
/’ll. C'd. C'ti and Mn (Ward cl ul. PtS4i. C’uiTeiilly. the 
average ernueni diseliarge levels are around SO.OOO 
inf day. I be effluent is released into 0 rapidly 
llow'ing small tidal creek (first Creek) that leads to 
the open waters of the gulf In their studies of the 
Siueher receiving system. Ward cl al. (|9S4) 
measured Iraee nietal levels in sesivin. They chose 
(Ins phase bceintse a lange privporlion ol lltc 
organisms within this system arc filler feeders (Ward 
cl III I9,S4). The obieeiive of (be study was to again 
examine inelal levels in scsioit because of the 
ecological signirieance olThis pba.se. 

Materiuls and Mclhuds 

S'liniphiif: 

Seston samplei-s (I ig. 2) were placed ai ciglti sites 
(SI S2. S.T S4. Wl. W3. \Vb. W7) (Kig. I ).‘The W- 
siies appro.ximaie those used in the study by Ward t7 
III (I9iv2) The S-siles were eho.son to follow 
prevailing ctirrenis and tidal movements within the 
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area (Fergnson IpST) (lable 1; Fig. I), the sestmi 
samplers were made t'f PVC liibing (hi .^5 mm v 
400 mill long, tolal volume - .2f<5 ml), wtlh inserted 
Itiillles lo prevent re-suspension of coUcelcd seston 
( four tubes per site). I he samplers were aiiaelted lo a 
eonerele block suelt litat llte opening of the inbiiig 
faentg up was tippro.ximaiely one metre above the 
Seilimeiii (Ward n ul. I9S4). Iwo buoys were 
iiUaeltcd to tlte .samplers to make the site visible. The 
eolleetcti scsion was recov ered as close lo six week 
iiilenais as weullier conditions alliiwetl. Samples 
were retrieved by pulling them fioin the water m a 
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scsion. l-.idi lubc’ was capped and Hie samplers 
relumed lu the lulHirtilorv. l>n leliicval. new luhcs 
were placed in the samplinu rack lo initiate die iie.M 
eulleeiirii). I'wenty tlii'ce eullcetiiMls at the ei^hl 
se.suiii .suntplinp sites were made between .Inly lb‘»7 
and Novemhei 20(10, 

Si'slon tJihl timilysf' 

Sestmi eollecled Ihmi each tube was (illerecl 
through pre-weighed Hlieis ( VVhftlnian' «2 25 nni 

Tollowcd by 0.4? tun lilters Milhpove ,i. the llhers 
and sesion dried (<> a constant weigln t -70'’(’). The 
I'tr.sl 13 sels ok samples were ilieestal with 20 ilil 
70''s UNO (Analar") and lO nil 7()"„ IK'IO 
(Analai » Five millilitres .37'’« IK’l (Analar ) was 
atkied to (he at|UO(i|is fraction remaining from the 
digestion and was maile up lo 5tl ml w ilh Milli K( >’ 
water, T he other ten sels ofsamples were ihgeslcil m 
H Oi and I (NO, followed by I It I (the ehtmge due to 
a thtmge m |iolicy of rectardiiig the use of HCIO| at 
our rc.scareh inslilulioii) and made lo 50 ml willt 
Midi R.O l ilier paper, acid blanks and rivci 
.sediment relerencc standard (Slaiidtird Uefcrencc 
Material a|('i45, Washiiigion, Df) ctnitrols were 
used. Samples were umilyscil for mcial 
coiicentrallon.s using, atuinie tibsoiption speelroseopy 
(Varian ). The dilTerenee in restilis for the two 
digestion techniques found in the .sediment siandurd 
were tised lo eorrect' huicr samples for differences 
III mclal reeiwcry unsing IVom the- dilTerenl 
digestions. 

SfSliifi i‘lkinirh:ris(illiin 

iJuijng four of the ct'ilcclioiis in auUmlti. the total 
tirg.inic Liirhon (TOC.') eonteni and the piiiliclc si/e 
disirihuLion ul scsiun collected from each of the sites 
were delcniiiiicd. The panicle si/e friietiims above 
and below 75 pm Wore deieriTiiiieiJ by wet sieving 
alid siibsoiitieni drying at liH)"C' tor 2 1 li. The 
liiiciioii below 75 pm wa.s I’urllier ch.irueieriserl 
iisiiig a l.aser MasteisiA't (Malvern Instnimenis 
I ul). All (iaetions (iibove 0.7 pm. 0.7-4 pm and lliose 
liekwv 4pmi are reported as u perceni dry weighi of 
die liiuil seilimeiu. TOC was determined tistng the 
modifieil Meltius procedure describetl by Nelson & 
,Sii|iii|iers ( |sns2). 

IVeicn alba iinJ Mytilus cdulis .v/m/uw 

Iwo scparaie esposure slutlies were iiiulcrtakcn, In 
llic Til'll (summer espo.sure; 20/1 1 A>S 4/Tdd), /' 
kill, I ttere tlic- only organisms iiscd. In the second 
taimmiii espo.siire’ O/d db 18/5/bb). scallops and 
M were Used and additional mussels were 

placed id ibe siioelosost to the ef/liicnt otiifall and 
collceled at iidcTvuC lO assess femporal liplake of 
ir.iie metals Scallops were collectetl Imm 



llardwickc Hay on the 3'orkc I'cmnsula of Soulli 
Australia, and mussels from Kangaroo f>land 
iipproximalely 1 5 km from the South Atistraliun 
mniiilaiKl. fhesc sites had previoasly been ivportcd 
lo have low metal eoneeniiaiioas (^ann IdU?; Ward 
1 '/ III. 19S4), Both •spc'cies w'crc held in flow through 
tanks for several days Cot depuration prior to 
trairslociitioii. Thirty scallops (21) m summei and 
10 it) otdumn) and idne mussels were retained 
for digestion (o establish initial Iruee metal 
concentrations (ilesignated as referenee coneen- 
irations). Mussels (placed first m mesli oiangc bags) 
and scallops were placed in plastic cages aitachcd iii 
the scsloii samidei's ul each sCslon .sampling site (fig 
I ) and left in place lor sis weeks. Scaik'ps were 
pkieed al all sites in the summer exposure and at sites 
S2, -S3. S4, W'l and W7 m the aiilumii e.xposuiv. 
Mussels were placed ;d all sites except W3 in the 
autumn. 

Al the end of the Held exposure, scallops and 
mussels wciv letiiriied to ihe labovauiry and each 
whole body Jricil to a constani weight at 70"C prior 
lo iligcstion in HNO, and lIClO.i (Analur i. Tissues 
were analyseil lor levels of f'h, (M, Cu, 7.n and Mn 
using atomic absorption speetiosenpy. .A binl(tgii.al 
slmidard. nitissel tissue iGBW OK57I ) obtained Irom 
the Nalioiial Keseaich f'eillie (orreriilied RefereiHV 
MateriiiK tCRM). i{iraham B Jackson Ply l td. 
Viciuria. Australia I. was digeMei.1 ami analysed in the 
siiinc mannci as ihe sanijilcx. 

liniiwivl ii/<liilu' 

Mussels were placed at VVti tllie sesion sampling 
site closest lo the eflhicm ouifull) and 5 to 0 
individtiafs removed foi analysis on days .7, 7. 14, 2K 
•and 42 over the .six week ex|'H>suie peiitid in autuntn 
ID deiermiiie the rale of metal uptake. Only M. filiili.y 
was used loi this stuilv suiee ilie location was both 
shallow land therefore siibieci to lapid lemperaiuie 
nuciuaiioiisl and had high levels ul suspended 
sohils. 

Shiliylkkl iiiuilyxi'.y 

Initial evaluation of the data sets indieutal a 
seasonal nillucnce on holh seston deposition and 
metal eonceiurjiiions al most sites. Time scries 
aiialyso.s were therefore conducted on each mclal and 
ilcposilion dataset by re-ordcriiic ihc data by lime ol 
year. ii'res|icciive of year lollecied. (. Osine carves' 

(y 7 . -r a cos(2.-Tf T - b) 

w'lieicv y mean metal concentration over the 
sampling period at each site, a and b arc frer|ncncy 
and magiiiludc variables. T 7(>.5 days, and I ^ day 
ol ccil lection (of a possible 3b5| were fitted to lliesc 
iv-orriered riala .sets, wliieh allowed freC(iioncy iiiul 
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nuignilmU* ol clioiigc lo Iil' dumtclcriscd. Ihc 
ciidncicnt ordciormiDitiioi) (roporiod ;is R ) botwi’cn 
thi.' fitted values (as deicntiined by the cosine curve) 
and ihc empirical values was dcteiniined Ui assess 
(he strenglh of seasonal influence. The residuals (the 
values ivmaiiiing alter seasonal innuenee was taken 
into accouiil) were then grnpliod against lime (in 
chronological order) to deduce any changes in both 
metal concentrations and deposition over time 
(Uoland l‘■)‘)5). file R’ values between season and 
metals level deposition are indicative of the strength 
of the seasonal relationship. I hesc residual values 
are cither the result of general (ime.xplained) 
viiriability or can indicate possible teniponil trends, 
Trends ni the residual values over lime were 
chtiraclcriscd with regression analyses. All ivsults 
reported as statistically significant results are at the a 
- O.Os level. Results where /)<(). I are also included, 
and arc iiuhcated as such Sliitistieal analyses were 
pcri'ormed using Microsoft L-.xeel" spreadsheets. 

Seston anil bivalve data were compared w'hh 
regression analyses ticasl-squares regression with 
seston metal the imlependenl variahle tind bivalve 
metal Ihc dependent variable) using .Mierusofl K.xeel 
spreadsheet software, 'nie relationship was 
considered signifieiini at /kO.IIS. The K vtilues 
(coefficient of determinaliun) indieale what 
peivenluge of the variation in the bivalve metals js 
due 10 the relaiioilship with the seston metals, and 
thus a measure of the strength of the relationship. 
Regression was used since it allowed e.xireine values 
that eoulil he skewing ihe relaiionship(s) to he 
ivinnvod and the resulting line eoinpared with Ihe 
initial regression line. I'OC and particle si/e were 
Lsiinpareil with bivalve metal eoneeniraiions using 
eorreliilion antilyses. .Seallup trace metal tiptiikc 
during diffeveni .sea.sons and mussel anil scallop 
uptake were eoinpared using eurivlatiun analyses 
These rcsulls were also considered significant when 
IkU.05, and are reportcil as the eorrelaiion 
eoellieienl squared (R’) (Zar I0S4). 

Kcsiilts 



SfidiKil (li'ilrihiiliiin 

Levels of metals m the seston were elevated 
(compared with the other sites) at the rour sites 
closest to Tirsi Creek and the shipping channel. 
Seston eollccicd from site \V6 contained the highest 
levels of all five significant inetals, Levels of Pb in 
Wo scstoii ranged from i.ig g to ,7()0() )ig g. while 
levels ofZn, Cd. Cu and Mn al Ibis site ranged from 
2630 9330 |ig'g, 41 .2 336 |ig'g. .36. 1 2llng/g 

and 241 921 )ig,'g. respectively. Metal levels were 

also elevated in seston from site S2. Tins .site- is 
located approximately 5 km iVom the month of first 
(.'reek and on the edge of the shipping cluinnel 
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Hig. 3. Lewis (il'lcad (a) /inc (b) cadmium (c) copper (cl) manganesL' (c) (iiig/g) and deposiliem rales (0 (ing/day) asMicialed 
s\ilh the scston, Inilial and Ihia) values indicate the change in scslon mcla) eoncenlTalion/dcposiiion over the sampling 
period (IW7 2000). These are eslimalcd using the residual values (rolimving incoiporation of seasonal inriuence). 
I inilial and rnial shaded bars indicate p<0.0S, iin.shaded bars p- 0,1, no inilial and final bars indicates no stalistieally 
signilicatil change), 
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1 ,'nlc'nnu the Pori Kivlt Levels of Ph in S2 scsion 
nmveil from 170 olSug.-y Sites Wl nrid SI hiul 
ilie iliiril hiyhosl levels ol' melnls in se.sion. iviih 
levels ofPli riingine Iri.iii 35.n 222 oe'g- Sites S.L 

SI. W.i anil W7 lutl lower levels of meials 
assoeialcrl uilh llie seslon. Mean seston metal 
eiineelin..tiions arc presenteJ in Pig. ja-o, Aver.iee 
seslon (leposilioii langetl from 70 inu day (Wfi. 
\V ') to i2U nig iluy IWI ) (f ig. 70. 

Vvy'ithil v<initii(>ii 

I he innucilee ol season on seston deposition as 
deicnnined froni lltc model (y “ X ‘ l-.H'l ' 

1) |l IS presented in Tohle 2. There were signifieanl 
(ill lined as - 20 " .1 of the varialhlitv in deposi'.icn 
e.spliiined Oy sci'isonal variaiionl seasonal trends m 
seston deposilion rales al all sites eveept Wn Season 
iieeounied foi ovei hall Hie vanalion in seslon 
deposilion ai siics ST and \V 1 and aitproitimalely one 
llnid ofthe varialiun in deposition ai siies SI . S2 S4 
and \V7. ,AI all siies eveejtl Sl.sesloli deposilion was 
sligliilv liigitvi in Hie suinrnci than Hie w inter, site 
W(>. loeaied elosesi lo ilie iniirnll had the weakest 
ivliilionship between season and seston deposilion 
wilh an P, value ol II I. Table 2 also presents the 
variables assneialed u itlt the lilled eosiiic vurves lit 
and b) lur eaeh ol'ilio metals ai each sue. 

As with deposition, sues W I and S.7 had the 
siii.iiigesi rdalionsliip hciwcen loial metal levels and 
seiiMin. wilh approxiivtaiclv 40'!o olTIte variabililv in 
metal lev-els aiinbuled lo season al lliese sites ( (able 

2) . Tiguie 4 (/n .at ST) is a represenlalive graph 
illnsiraiing Llic tclalioiisliip heiween season and 
metal levels. S2 and S4 also luil strong sca.sonal 
changes in seston melal eoneeitirations. Notably, 
\V(v. vvliile slunving no seasimal relalioiislnp in 
deposilion. was Toiind lo have a relationship 
belvvcep total nieial levels .and season tmean It- - 
0..i?), VV7 had a weak ivlatiuiiship between inel.i s 
levels and sea.soii. despite 30"ii of the variation ip 
deposilion being explained by season. SI had no 
ri.liilion>,hip beiw-cen nielul levels and season, 
oxeepi idr Vlii. and WT had a rehiHvely siioiig 
rel.iiionship between 7n and season, and w'eaker 
relalii'iiships between t d and Cu anil .season, and 
none with Mii and season. 

Ml sites exhibiling seasonal variation in syskm 
melal eoiiL-eniialinns cscopi SI had higher melal 
levels in w idler einrespoiiding with the deeveased 
soMoii deposition in winter, and eonverscly. 
iiieieased iiietal eoneentralions in siniimer. 
corresponding wilh higher depi'silioit rau-s. 

I here was no signifieani change ovci lime in 
deposilion rales at any ol Ihe sites e.seepl VV6. Ur 
wlneh a deercasc in loud deposilion was observed 



over Hie monitoring period (Tig. TT). 

I.vaid ct.necnlruiions in the sestnn deereased 
signilieanlly al I'oui sites ov'cr the course ol Ihe 
moitiloring sludv |S2, S4, VVl. Si - allhongli m siie 

51 /j was e(),i) but increa.sed signHicaiitly al 
wilh -TIVlii of Hie variability at these foiu sites 
e.xplained by temporal changes (f ig Ta), Zii levels 
decreased signilieaiilly al si.x sites (SI, S2. -ST. S4, 
Wl and WT). and a'lnained nncltaiigcd at \V6 (Tig. 
7|v) llieie W'as a Icss signitieuni decivase in /n 
scslon coneenlratioiis at W7 (/r (II). figure 5 
piesciir examples of strong (iS2: R- “ ti.5b| and poor 
(Wb; R ^ U.OI) relationships hclwcen change in 
scslon metal levels and rime. C'd levels decreased in 
S.v and Wl. and increased signirieanily at Wh (Tig. 
Tc). S2 also had a decrease in (\l concenlralions. 
alihoLigb al a less signilicani level l/r - H I I. Coppci 
eoneeiitiaiions degreased signifieiinlly at all .sites 
(alHioiigh SI al//- lU h except V\ (. and W7. wiili no 
change (Tig. Td). Mn coneenlnilioiis decreased at SI . 

52 and S4. and incivased ai W(i I Tig. Tel. 

ritase siics >howing. the most signlfieant changes 
in scslon melal levels were S4 and Wl (deercasc m 
total metals). loHovved by S2 (decrease), -S 2, S 1 , VV'2, 
W 7 . I he site closest lo ilte cTnuciii oiillall ( W(i) was 
ilie only site that showed a sigmficani increase in 
melal eoneentfatinns over ilie inoniloiing period. 

Shiiuhinl n fi'ivtuc' nuilt rii/l 

All standard reference inaierial (SRM) Zn, (.Ti and 
Mn recovery v, nines lell w illiin the eonl'idence hiiiils 
I'l' recovery values puhlislied by Ihe snppliei 
(I720±l(v'), lOHilU. 7H.sa:')7 pp'g, rospoelivelv) 
Addilioimlly. ihea- was no signincant dillerenee 
bclwcvn the 2 digcslion methods foi these three 
metals. Lead digested wilh IK'lt)|.IINO. fell vvilinn 
the SRM supplier valiie.s l714i;2N (i.u-g), allhough Ph 
recovery was lower using liic II Oi-lINfi; digestion 
(by ll'lh). Cd recovery was lower than the SRM 
v-iilut's forbotlt digestion methods, with a differenw 
ol l‘'''ii when Hie change was made to ILO,.IINO.. 
Ilierefore Pb and t d values W'cre eorreeled’ by 
imilliplyiiig Ihc cmpirieal vaioes by I II and I I,*' 
(Pb arid Cd. respectively), (nveii l|ie difference in 
binding eonsiarits beivveeri Pb and t d I tCihsIrieri <Si 
Murray IHM). it is not clear why these rcsiilt.s weie 
obtained Nondlieless, the rcsulis were ennsislcni 
and reprodueiblc and vvere llterelda' used lo allow 
coniparisons lutween Ihe twu dige.slion methods lo 
he made. 

fiiwhc'i 

The scallops all died ai Wb in the siimmei and 
wciv therefore iwl placed at this site in aiiUmin. Al all 
oihci sites ihciv- were few or no deaths ol eiiliei 
seidloi's ol mU'sscIs during the six-week cxpo.suie 
period. 
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IAhi I. 3, R- /(>r fhc tfj scttllofi awl uwitil 

wMltm k-ivl\. 





Pb 


•/.It 


Cd 


Cu 


Mn 


.Sesillop-s (summer) 


0.X7 


(m 


0.15 


0,23 


0.74 


Seallojis (uuliimn) 


0.1)11 


0. 7j 


0.04 


0.(10 1 


0.002 


Mussels 


a o<j 


0.92 


0f>2 


0,44 


O.OIII 



Niiiiibcrs in italics imiicalc a signi/icanl relationship 
(p -11.05), imderljned mimhcrs iiidicalc no clinniie in 
(sit’iiilkiinl) slopes when rccicssion analysis poi ronncd on 
ihe i.la);i points minus S2 and WO, 

4 




culUcliun Ja\ cil yi'ar 

I io. 4, Kxamplc illuslrating Ihe relmionship helween 
empirical scston nicuil eimeenlralinn and Ihe lilted eoKine 
ciii ve Igraph presents /inc nl site S3) 

KvUtiionsliips hetween se.sloii mciol mul Ivuih'c 
men 1 1 

Table 3 pre.scni.s a suniiiiaiy ol' Ihe rclaiionsliips 
bcivtecn the bivalve and sesinii itneial cuncenliatiims. 
I'here were sigiiifteaiit ccliltiimsliips between .scslon 
inid bivalve Pb and 7.n cuitecntralioiis in bulb 
expusures l/xO.05). There were also siniiilkuitt 
relatinnships between Ctl in seston and mussel lissne 
and between .sesioit Mn and .scallop Mn lin suinitier 
only). Scsiun metal levci.s at sue S2 in the seallop 
sitidy and sites \Vb and S2 in the mussel study were 
sigitincaiilly elevated compared with other sites. In 
order |o doiei'liilne llie elTeel Ihesc poinis had on (he 
rega-ssion eur\e. the analysis wtts also pertoniicd 
with Ihe points reittoved. The slope ol liie seeoiid 
legression ciii\e was ihen eontpaied with lliai 
generaled with all the ihitti points. Reproseiilalive 
graphs illusiriiling the elTeel of leittoviug extreme 
valties are presented in I'ig. 5, 

The slopes ol' Ihe relatioiisliip between Pb levels in 
scallops and Pb levels in scslon were not 
signiHetinlly alteietl alter lemoe iiig the .S2 data point 
ri'al'le 3). Ill the iniissci exposures, there was no 
signifieuiil elutnge in llic .slope when the \Vb point 




5b 




Pig. 5. Examples illusti tiling ihc rcl.iiionsltip heis\ceii 
seston inctnl coiicciitralion and lime iit'ier .sea.soital 
vtmaiion is i.iltcn into aecolint. (iraplis indiciile strong 
(fine ai site S2) (a) and poor (/ine at she \V(>) (h) 
relationships. 



vuis removed, alihuiigh removing S2 resiilieil in a 2- 
lold inerease in ihe .slope ol the regression curve. 
'I here were significant relalionships in both /.ii 
einn|tarisuns I R- = 0.73 and O.SS). although when ilte 
S2 poini was removed Cioni the aiilutnn diila. ilie 
slopes were no longer comparable This is possibly 
the result of fewer remaining data points (4) in the 
iUiiLiinii exposure compared with summer |6). The 
relalioiisliip belween mussel and .seston /it was 
sigtiiHeanily ullcreil by removing Wb I'mm Ibe d.na 
set IR’ ■=().‘J2 vs. 0.02) allbmiglt tliis relalioiisliip no 
longer held when Wb was R'inoveil front Ihc data sei 
(R' = 0.02). This was also tine of the reliilionsltip 
belween mtis.sel Cd and .se.slon Cd (R' - 0.b2), 
allholigli no relationship wa.s delceied between 
.seallop Cd iind scslon Cd, There was no relationsliip 
between bivjilxe Cu and scslon Cu. There was a 
sigiuTicanl relationship between Mn levels in 
scallops exposed in the .suiiinicr and seston Mii, 
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INni t 4. SwiiiiHin III H- \iilui‘.i liiiiiul fKlwivii iiu Uil li’vrl.s 

III yi llllo/K lIIuI llltilll A l'l'/l ill Imi.lM'k llt'ljlliyi.'ll iii the 

sf'sV/n/ .wiiii'Jiiiy \iws. 



Metal 


R' value 


Ltrud 


l>. 7.? 


Zinc 


0.S5 


(. adn'iiiin 


l).t)4 


( upper 


l).()7 


Maiiguite.se 


K.U9 



NuinhcTs in ilnlics imlieiuc a siuiiHiciint rcUiiionship 
(r IM**;) 



aUhou>!h ilif >vlopo of iliu regression curve clningal 
Mgniricunily vvlicn S2 was removed Irom the ilalu 
set. 

Ciiinpiin.wn Ih'iwYrn P alba iiiul M. ciliilis iwil 
.miMiiiril fonipiin.Miiis (P. ulba) 
l.cad amIZn were itie only metals for which there 
was a relaiionship between (he lwt> bivalves (Table 
4) I.evels of Pb in summer e\posed scallup^ wore- 
not signiric.mily dirierenl IVoni those exposed in the 
autumn. There was also no signitieant ililTerence 
between sealhtp iintl nutsse! Pb eotieeniralions. 
Scallop 7.n was not sigililioaittly dillerenl between 
seasons, allliough scallop Zn concentrations were 
higher than niLissel Zn at all sites. This contrasts with 
(he initial concenlraiion.s ot’Zn in the bivalves, which 
was slightly higher ill the mussel tissties compared 
with the scallops. Cd levels in scallops e>ipt>sed ill 
the siiinmei were higher lhan those evposcti m the 
iinimnn, and Ql levels in scalltips m both scastms 
were higher than Ihiit in miis.sel tissue. .Scallop Mn 
was significantly higher than mussel Mn at all site-s, 
and also in iniliiil. unexposeil bivalves. Tabic 4 
presents a suiinnary of the relationships m melal 
uptake between mus.scis and scallops. 

]()C ami puniailijtu vcc ilisirihiitioii 
riierc was no lelaiionship heiween I'OC.'or particle 
vi/e and uptake of any of the metals examined in 
either scallops or mussels. 

Tcmpuml iiplakc 

|jc‘iid and Cd concciiliations iii mussel lis.sue 
mcieased signil'ieumly iinlll day 2S, afier which the 
coiiccniraiunis levelled, indicating nuissels had 
icached sietnly sttilc. Cd ctnicemiauoiis ilecreased 
signilicanlly following initial iransl'eT Ui the 
exposiiic site, vvbile Zn levels inercased gradually 
unlil da\ (An day 2f>, eoneenlralittns of Z.ii 
inereased sigmricanlly I'olUiwing an aieidenlal 
release of Zn eleelrolyle solulic'ii Irom the smeltei 
(2/.s/4‘>). Ihe level of Zn in mussel tissue taken on 
day 4b.. however, had leiiirneil to pre spill levels 
iiulieuiing some regtilaiioit of whole body Zn. 



Imeresimgly. Zn was the only melal for which tissue 
levels corresponded with the accidental release, 
allhough all melal levels w'crc elevated m Ihe 
einueiil (Pasmineo Port Pirie, uiipiih. ilaia) t.’u 
eoneentralions in the mussels were variable 
throughout the e.xposiire period. aiHl Vlii 
eoneenlralioiis docrettsed following placement at the 
study site, lollowcd by a signilieani increase. Mn 
conceniraiions diil not appear to icacli siettdy stale. 

Oiscussion 

Spaliiil ilisihlnaitm nj im-ials 
While exhibiting varying binding alTinities 
{Balisirieri & Vliirniy IdS-i), meial.s can gcncTally be 
said to have a preference I’m llic iTiic parlicle si/c 
rraetion of sediments (l.cad er uL 1^99). In (his 
study, scslon was not suh-dividccl into particle si/e or 
mass. Morse tv al. ( I99.v) state that simply reporting 
average total concentrations can be misleading 
because of the variation m metal levels associated 
w ith ditterenl grtiin si/es. In our study, we attempted 
to aeeiuini for some of the inlluencc ofpartiele si/.e 
by emisidefinu seasonal inniicnees on scsirni 
deposition and metal levels, Unilei eondilioils of low 
wind and uirbulciice. suspended parlieulale maticr 
conccniraiioiis arc lower and are probably composed 
hugely of liner sediments and conversely, stronger 
winds resuspend a greater number of laiget particles, 
whieli arc eompar.itivelv low m metals (Morse W al. 
1 993). Therefore gram .si/e disU ihution w ithin seston 
sainples is likely ii> be the result of physical 
condilions. winch in Itiin is a result of season in the 




fig. tiniph illll-'lralinj; il case for wliich rL'inoval nl llic 
cxircniedala has no signibciml circcl la) ainl u signillianl 
crfcci (h) (111 (licsliipc 111 ilic line. t. nPrcIvOii lino indit'alci 
linear l\:gn_•^^il'n line using all d.ita jniinl.s ( i Igrcy | si.i 
emirulenee intervali). Ili'iikon lint' indicates lineal 
regi'ession line mimes the e.xireine poaiis lunfilletl pnmi| 
I grey ilashetl 95 "ii eonl'nlcnee imeiAals) 
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l’]ipi.'r SpciiL'cr fiulf fty cousidijriiig ^ciKitiml 
\.iri;ihiliiy. wc hdvo ;i heller iiuliealum oL overnll 
Icitiporal u-tumees in fracc inclal conLeniratii>ii'v 

Seasonal vanabiliiy does not however aecomu tbr 
piiilide si/e ililVerencfs between Slonviahsili.e 
lot >!rair. si/e. n.sinj) mcliil:! e roiios or dcl]inntj llu- 
loliil nuipber uravailabic bintlinu, siles are melhods 
ihai allovN betwceri-siie eonipurisuns lo be made with 
freatet cerrainlv (Mor.se I'l ill. Turner i)e 

Milbsiial :0(lll; Rnlislrieri A: Muiluy l‘)S4). This 
sUidy. howe^er. also a.s.scsscd Ihe relationship 
between total se.ston metal levels ;ind bioavailiibilily 
In this study, stroni: relaiionship.s were appaienl 
between seston I’h and /n levels and Pb and /n 
uptake (>rholh seullops and miisscl.s, itidiealiitg (hat 
seston ineials tire a good indication of the 
bioavailable riaelion of metals, it is under ihk 
•issiimpiiiiii th.ii between site coinpurison.s uiv 
lepoiied. 

Nt't suiprisingly, Wb, the sile closest to the cflluem 
discharge site had the liighesi euneeniruiions of the 
fi\ e inelnlti measured- I lowever, scsiun l.raee metal 
Ci'iii eniraiions ^vele not a fum lion o1 disUinee Iroiri 
the ouifall, SI was the same dislanee from f'irsi 
( ivek ii-s S2. alinough S! had higher levels ofall five 
pieials -SI and V\ I laid comparable levels ofmelals 
in seslon even ihntigh Wl is jurlhei' away from the 
oilll'all Ilian SI ( S kin from W6 coinpared with 14 
km) rite eonceniration gradient for most metals 
Ibllowed die general eurreni floW' in the area 
described by rergiison (IdlS.l) While both SI! arid 
WT weic located mi the shipping ehaniiel. whieb 
eoidtl enuse resuspcrisKm of metal bound sediments, 
iberchy inllneneing seston metal levels. Ihe 
eompaiable depc'sition rales at SI, Sland Wl mikes 
tbai seem imlikeU. In a study td' metals and 
partieulale mailer conducted in the North Sea. 
lappin il ai. |I44.‘=:| coiieliided ihai movement ol 
pariieultilcs IS generally linked lo waler cireulalion 
..mil imsiiig 

The four sites lurlbei' afield (S.s S4 W'.T \V~) hud 
iicidfieaitily lower eoiKeniraiions of niosl metals, 
Ilowcvei, Ihcii hackgroaiul’ slaliis remains 
uneonliimed (sec lempoiiil trends) The levels of/n 
and ( d :ii ihe.se four sites were similar to one another 
and lower ihan those found ai theotherfoui sites iSI. 
SJ. W'.v W'n). although levels of Pb and Mn at Sf 
weie liighei ihan at the other iliree sites, as was l ii m 
W'7 lids suggests ilrat designating one m u'lmv of 
these Sites Us. rcpiesentiug biiakgroimtl levels lor all 
Pielals IS not possible. Our background sites wca 
ilioscti based on Ihose published bv Ward m u/ 
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(|4b7). As Hilled in llte ic.sl. however, there wciv 
changes in metal enneeuiralions at all .sites, 
suggesting that ir is likely that iheic has been some 
smelter- infliiciHc. However, Ward anil C'orrvll 
(1442) ai-gue dial remote site, global mean and 
minimum value methods of estimating background 
Coneentfations are less robust lliim ihe disiaiuv 
csirapolfition method used to elioose baekgiuuiid 
siles lor tins sludy I acli of the four ■background 
siles can be used lo detennine baekgruuiid 
eoiieeiUriUioiis for pailieular metals, however no one 
site has no varalion in all metals ineasiiivd. 

Si'iiioiuil viirhiiunt 

Oepohition rale.s were sigmikanily higher at mosl 
sites ill the summer iiiotnbs. At thal lime of year botl) 
on aiid ofl'shoie winds are slroiigesl on the L pper 
Speneei iiidf ( Aii.sl. Bureiiu of .Vleteomlogy 2001) 
Smaal & Haas (1947) also reported si.eiidinuit 
sca.sonal variability in suspended pLiitiiiiLiic inniier 
ecnicentrniioiis in the Neilierlands. S I and Wfi did not 
I'ollovv tills palteni, probably heeaiisc of llieit more 
proleeled locrdions (I'ig. If SI deposition wos 
•slighily higher in die sinninei tliaii the winierahe 
cause for this is not known. Wfi showed no 
iclal'onsbi|) between deposilion and season, 
probably resulting froiti both if> prosimiiy to the 
snielier oiittall. with Ihe ivsiiltmg inUiicnce of 
variability in suspended mallet csiting first L reek, 
-and Its proleeled liKfllion 

Ti’iiipiiivl nviid\ 

I'hc lack of change over the three year moiiiroriiui 
period in seston deposilion rules at SI. S2. SA. S4. 
W'l, V\ ,f, and W? -suggests that only naliual 
inllnenees arc playing a role in sesliin deposition ,it 
these siles. (.'onvcisely. there was a .signifieam 
ileefease ill deposilion rales at W'(i. indiealing eiihei 
an overall deerciisc in grain si/e being dischaigeil 
Ifoin the sini4ier (ihrough iuLivased residence linie ol 
the cflluem in the ponding prueess pnor lo discharge) 
or. allcnialively. dial there i.scontimiing 'dllutimi' of 
larger, naliirul particles by llte smallcr.smcitei elllueiii 
glams I bis aceumulaiion ol llnei grains iii areas of 
deereuseil llovv regimes has been ivporied elsewheri; 
(Puig Cl al 194')). eommonly oecuiTing vvlien f.islei 
Mowing eicvks meet the i.ipen sca, 

(ieiteMlIy, metal levels al all sties e.secpt the site 
closest to the smelter outfall (Wbl ileergu.sed or 
ivniamed unchanged over the course of tlie study. 
Ibis decre.'isc is likely lo be the result ol the long 
term (- 2U vear) ileereasc in die levels of iiieials 
being released by the .smelter. This conclusion i.s 
sLippoiled by eflluem metal data (Pasinitieo Pmi 
Piiie. iinpiib. datii) and by the ileeivase in ra/or lisli 
tissue tUelal eunaenlialions in the Upper .Speiuer 
fiulf reported by l.dyvane ik: Hit-vall' 
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The sesiOM Lontc'iilraliun ^>1 iiicuils fit WA. 
coiivei-icly. ciihor incivasL-J signilk'aiUiy or 
ivinamod iinthaiii;L'i.l ii\er ilie iiiiiniloiing |x'i-ioO. 

I lioo iiic a number of pus>ible reasons Ibi ilic 
{lillcrcnt IrcMcJ in mctnl eorKeniruliuiis l\'uiid al WO 
compared wiili the other silos, Firslly. U is possibly 
the result ofllie clecivased deposition over the ;.iime 
period, due let increased reieiilion time olTlie eniuent 
prior to release, and eonespondingly smaller grain 
sieos At all other sites the deposilion mass remained 
unchanged (aKei seasonal rajiatlun was hikcn into 
iKvonnil. Since smaller parlnle si/es have 
piojHiiluniall.v greater binding silos (Leatl i'/ nL 
I'lgU). ihe amonni ol metal becoming bound with the 
smaller panicles would result in an overall increase 
III die jtg'g niiio. Secondly, the sesloii meiaJ levels at 
this site eoiild be rofleciiiig shinter term elumges in 
the ernnenl metal ioails. While over the long term 
( 2il years), metal loiids have deereased signincaiilly, 
Ph and t u released rrom the smelter have mereased 
slightly over the shorici term (the three years of the 
moniloring perioil [I’asmineu I’tnl I’iiie. unjHib. 
tlau|). ,Mlenialivclv. a lack olTransporl Irom the W6 
area, a shallow, intertidal region, could be resulting 
III ever increusiiig metal hiads entering live iuea and 
i)o| being e-.vporloil cKc'v here. Il'this is ihe case metal 
eonecnlratioiis in Ihe area will ikH change iinlil Ihere 
IS no t'nriher discharge I'rom the smelter, and even 
then the rale of eluingc is likely to be very slow, 
Since ihete was no disecniiblc general trend between 
changes in sesUni metals, el’llueiit metal loads and 
mel.il binding coiislunls lor ihc results at Wb. it is 
lluiiighi dial a. combiimllon of these faetors is 
aflivting die overall temporal eh.angcs deteeteil in 
the se.sttm metal levels al W ('. 

iiUimw /////ueiicmg nu'iiil iipuih' 

Ihe proportion of metal ions that will become 
bouin.1 to particulate mailer, and (he strengih of 
binding arc governed by a nimibcr of faelors, fhese 
include the binding constant of each medil. and the 
composition of the pimieulutc inattei (Bahsien Al 
M iiiiay ITh 4; Mayer l‘)Sd; Deeho & Luoiiia 1404) 
Aildiiirmally. seslon eharaeicnsties (ptiriiele size 
ilistnbulioii, loial orgaiiie carbon) will iiitliienee ihe 
rale and amount of mehil hecoining assoeiaied with 
orgiirnsm tissue, In ihis study no relationships were 
found belw ecu either 4 ' eonlenl or piirlicle size of 
sesion amt nieial eoneentriitions in the hivnlve.s 
suggesting that the major nilluenee in (issue iiielal 
level IS Ihe loial coiicenlraiion of the melals in die 
seshin. 

S'cvtiu; nuliil miiri.'iiinili'iii'i umt hivulvr H'^stu- 
i i)iu cull atmii.', 

.'\ primary purpose of this sindy was to asses.s the 
lelatumsliip heivveen sesion metal levels m the L'ppei 



Spencer Gulf and uptake o( inetals by tiltcr-fceding 
bivaivvs. Positive lelaiionships between se.slon and 
lissue metaks vvere detected wilh Pb and /.\i. allliougli 
die lelalionsliip did not hold in some aiscs when 
c'Ctrcme values were removed. While metals can be 
taken up lliTough die dissolved fr.icdon or ingestion 
of particulate lorm ll.ut'nui Id 05 ), oiThc five rneials 
ill tJiis .study. Pb is the one wilh the highest bmdmg 
eonsiarii for suspemicti maiter (Hahslrien 6i. Vluriay 
Id.sg), I his suggests lhal it is likely that the mujoniy 
of environmental lead will be in pailieulale fonn. 
iL.vtreines of i^ii eonumiinaiion uts defmerl by 
elevated levels of Zn in die sesion) were letleeied in 
elevated levels ofiiictals in both bivalves llowevei, 
Ihis rclarionship only held with the .scallops once the 
CNirenies weie removccl, suggesting. M. Cihilis were 
regulating Zn Icvefs. fliis is siipporied by the residis 
rroil'i ilio leiDpiiial uptake study. Rainiiow (Idb?) 
noted that while mussels icllcet extreme elumges in 
Zii bioavadahilily. they do not show lesser changes 
ill aeeumtilaled body eoneemrations of /.ii. Scallops 
are therefore possibly belter niomiors of the 
bioavailable Iraclion of Zn in the enviniiinient. 
Conversely', a mlationship between Cd m sesion and 
mussels was detected ilun vvas nul present wilh 
scallops 

No relutionsliips were de'ected benvecn sesion ami 
bivalve lissue Cii (all exposures) and Mil (exec-fil 
scallops ill summer, 1. llii-rc are ii number ol possible 
reasons for diis. I irsily. it may be because die 
paniculate nictul is not rclnied 1>> the proponmii of 
bioavaiiable metal (possibly because the 
bioav fiilable fnictum is mainly Ihc ili.ssolvei) 
iVaerioii). Scecmdly, lissue metal may be being 
legulutcii by the oisiiinisin | either piv- ami posi- 
assiniilalum). Rivalves have been sluiw'ii lii be 
eapiible ot niodifying the iligestive ppieessing ol 
food to letluce exposure to liigh. hiuavailablc (. i 
eoneentralions (Deeho & Liioma Idbn) Thirdly 
individual bivalve viuiability may li.ive been loo 
great to determine the True' uptake or Ihc exposure 
time Wii.s too short, and ilie measured tissue 
eoncenirations vvere not representative ol total 
pcissible uptake, Additiontilly miinbcr ot other 
I’aelors' isueli as die eoniposiiion of die sesion) may 
differ al each site and iliererorc al feet the lelatiuiiship 
heivveen total sesion metal and bivalve ujilake tor 
example, ineiuls as.soei.ated wilh natural ,se.ston aie 
generally assimilateii al lower el'licieneies than 
iiieifds honiid w'iih Linieel hilar algae (C hong. A Wani' 
20 ( 10 ). 

While total cadiiiumi ni F iillui has been slmvvii to 
be dependent on die locality of scallop eollcclioii 
(Walker ct (// l‘)S2), this was not found in ihis study. 
Notably, seidlops IVvmi oil siles (including the 
reference eollcclioii siie) had levels ofCd above dial 
recomnieiiitcnl by .\NZIs\ (2000). file digestive 
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gkiiiil (.'I' ihe scallup l\‘cH'n niuMirins I innaciis has 
htfcn rourii.1 tii conlain high lonianfraiion:! ol' Ci.1. 
even wlic-n eollceled Ihim apparemly unpiilliiieil 
waleibi (Rainbow I'•)y7|. Rninbow (l^)‘>7) ihuclI 
abiioniiiilly high tissue t d euneentralions in 
scallops, and suggested lhat this is a resiill of very 
high teeding iiiles C'u uptake in nuissels was more 
closely tchiicti lo seston Cii levels ihdn in sciillops. 
However, it has been suggested that mussels arc nol 
good indicators of environmenlHl eonecnirutions ol' 
( 'll beeaiise they ;uv good regulators of this metal 
(Rainbow |d<>5) Allison i7 ol. ( I90S) Ibiind that /n. 
(.'ll and Mn in psetidol’aeees weie ol’ieii higher than 
levels in the suspended parlieulule itiatler (in 
laboratory exposures) indieatnig that the mussel (A/ 
Oihili\) had ixtjeetcd particles enriched in these 
nieials. 

Vhl.s.scI o.v o .v///(og(rn‘ scollop spcck'x 
I'herc were .signilieunl diircienees between species 
ip both lotiil tissue metal eonceniraiions and 
telalionship with seston metals. Given Ihe 
dirteremes between two bivalve species, to assume 
metals m bivalves represent the bioavailable Iraetion 
liir .'til species is emnieons. As Rainbow (IW5) 
lU'tes. a .suite of biontoiiilors, reneeting all ilietal 
bioavailabilily in all available sources is necessary 
I stng 17. cthilis provides the opporiunity to nitike 



comparisons between siies. which is very imporlaiil. 
However, R olho is an indigenous species, .ind 
(licrcforc possibly more relev ani to the pnriiciilnr 
system under investigation. 

roiicliisiuns 

Long tenii, l'rec|ueiil nuimioring of lempoiallv 
suspended seston is an appropriate method of 
HSsessiiig Iraec metal distribution. I'he only way to 
elucidate nend.s in mcial levels is to aeipiirc 
siirncicnt iliila to int.orpomic varisiiion caused bv 
sea.sonal mlliienees. These ilata indicalc that seston 
inetiil concentratious lire decreasing at most sites 
vvilhin the Upper Spencer (mlf. renceimg long lerni 
overall loud decreases friun the smelter. Metal levels 
in seston at the site closest lo the .smelter have not 
deereaseil. fins is either a relleetion of the shorter 
term metal loading from the smelter, possibly a icsiill 
of smaller, nieial rich particles being releaseit 
following ponding of the effluenl. or beeause ilieic is 
little csehange with the open .sea at this sile. 

Seston I’b is a reasonable indicator ol' the spatial 
distribuiion of I’b among bivalves in the L pper 
Spencer Gull. The relationships between Zi\, Gd. ( u 
and Mm sesUm and the bivalves was variable, 
altboiigli one or both bivalves were able lo detect 
e.’aremcs for most metals. 
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